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(57) ABSTRACT 
An image forming apparatus is provided with an optical 
system for forming a first electrostatic latent image and 
a second electrostatic latent image on a rotatable photo 
sensitive member, a first developing device accommo 
dating a first developer for developing the first electro 
static latent image, and a second developing device 
accommodating a second developer for developing the 
second electrostatic latent image. The second develop 
ing device is located downstream from the first devel 
oping device in a direction of rotation of the photosensi 
tive member and is provided with a developing roller 
having a magnetic force. The second developer differs 
in color from the first developer and has a magnetism 
greater than the first developer. The second developer 
is transported to the second electrostatic latent image 
along a periphery of the developing roller. The image 
forming apparatus is further provided with a collector 
provided in the second developing device and having a 
collecting member confronting the developing roller. 
The first developer mixed in the second developer is 
moved toward and collected by the collecting member 
under the influence of an electric field formed between 
the collecting member and developing roller. Alterna 
tively, the photosensitive member can act as a collector 
for collecting first developer mixed in the second devel 
oper. 

34 Claims, 14 Drawing Sheets 
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1. 

MAGE FORMINGAPPARATUS HAVING A 
PLURALITY OF DEVELOPING DEVICES 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention generally relates to an image 

forming apparatus for electrophotographically forming 
an image and, more particularly, to an image forming 
apparatus provided with a plurality of developing de 
vices each containing toner of a different color. 

2. Description of the Related Art 
An image forming apparatus, in which a plurality of 

toner images of different colors are transferred all to 
gether onto a transfer material, is known. For example, 
when toners of two different colors are used in such an 
image forming apparatus, a first electrostatic latent 
image formed on the surface of a photosensitive body is 
initially developed by the first toner contained in a first 
developing device. A second electrostatic latent image 
is then developed in an overlapping manner by the 
second toner of the same polarity as the first toner in a 
second developing device. Thereafter, toner images 
formed by the first and second toners are both trans 
ferred onto a transfer material. According to this type 
of apparatus, since it is so arranged that the first toner 
image passes a developing area of the second develop 
ing device, part of the toner of the first image is disad 
vantageously scraped off by the action of a magnetic 
brush of a second developer material including the 
second toner and eventually mixed into the second 
developing device. As a result, image quality is deterio 
rated due to the mixture of first and second toners. 

In order to avoid the above-described disadvantage, 
such a proposal is heretofore made that the first and 
second toners consist of non-magnetic toner and mag 
netic toner, respectively. Alternatively, both the first 
and the second toners are rendered magnetic, but the 
second toner consists of toner of higher magnetism than 
the first toner. The first toner can accordingly be selec 
tively collected because of the difference in developing 
threshold value between the first and second toners. 
However, according to the above-proposed method, 

not only the first toner is collected from among the 
second developer material, but the second toner is ad 
hered to a collecter by the mechanical force such as the 
adhesive force thereof or the like to the collecter. In this 
case, there arises no problem if the amount of the sec 
ond toner adhered to the collecter is considerably small. 
In the above-described conventional method, however, 
the second toner is actually collected up to 10-20% of 
the whole collected toner. Therefore, a good deal of the 
second toner is wasted without being served for the 
development. 

In the meantime, Japanese Patent Laid-open Publica 
tion (unexamined) No. 58-137846 proposes a method for 
separating and collecting the first toner mixed into the 
second developing device. The order of frictional elec 
trification is suitably set for the first toner, the second 
toner and carrier according to this method, so that the 
first toner mixed into the second developer material 
may be separated from the carrier by reversing the 
polarity thereof to a polarity opposite to the second 
toner. The separated first toner is scattered out of the 
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developing device or collected at a non-image area of 65 
the photosensitive body or by a collecting roller. 
However, the above method also has the following 

disadvantages. That is, the control in the order of elec 

2 
trification is required, which narrows in many cases the 
allowance of the composition of toner. Since the electri 
fication is closely related to environments, particularly 
humidity, the image forming apparatus should be in 
stalled at a proper place so that the resulting images 
may not be subject to variation. Moreover, the scattered 
first toner may spoil the inside of the image forming 
apparatus. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been devel 
oped with a view to substantially eliminating the above 
described disadvantages inherent in the prior art image 
forming apparatus, and has for its essential object to 
provide an improved image forming apparatus wherein 
toner mixed into a developing device containing differ 
ent toner is effectively separated and collected. 

In accomplishing this and other objects, an image 
forming apparatus according to the present invention 
includes a photosensitive member rotatably mounted 
therein, a first image forming means for forming a first 
electrostatic latent image on the photosensitive men 
ber, a first developing means accommodating a first 
developer material for developing the first electrostatic 
latent image, a second image forming means for forming 
a second electrostatic latent image on the photosensitive 
member after development of the first electrostatic 
latent image by the first developing means, and a second 
developing means located downstream from the first 
developing means in a direction of rotation of the pho 
tosensitive member and provided with a developing 
roller having a magnetic force. The second developing 
means accommodates a second developer material for 
developing the second electrostatic latent image. The 
second developer material differs in color from the first 
developer material and has a magnetism greater than 
the first developer material. The second developer ma 
terial is transported to the second electrostatic latent 
image on the photosensitive member by the developing 
roller so that the second electrostatic latent image may 
be formed. 
The image forming apparatus according to the pres 

ent invention further includes a collecting means pro 
vided in the second developing means and having a 
collecting member confronting the developing roller. 

In the image forming apparatus having the above 
described construction, the first developer material 
mixed in the second developer material transported by 
the developing roller is moved toward and collected by 
the collecting member under the influence of an electric 
field formed between the collecting member and devel 
oping roller. 

In another aspect of the present invention, the first 
developer material may be so formed as to move 
toward the location, having a higher potential when a 
potential difference greater than a first predetermined 
value is generated whereas the second developer mate 
rial may be so formed as to move toward the location 
having a higher potential when a potential difference 
greater than a second predetermined value is generated. 

In a further aspect of the present invention, the image 
forming apparatus is provided with an electric field 
forming means for alternately applying a direct current 
bias and an alternating current bias to the second devel 
oping means. The direct current bias is applied to the 
second developing means when an image is formed, 
thereby forming a first electric field at a location be 
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tween the photosensitive member and the second devel 
oping means to move the second developer material 
onto the second electrostatic latent image. Further 
more, both the direct current bias and the alternating 
current bias are applied to the second developing means 
when no image is formed, thereby forming a second 
electric field at the location between the photosensitive 
member and the second developing means so that the 
first developer material mixed in the second developing 
means is collected on the photosensitive member. 

In the above-described construction, when the sec 
ond electric field is formed between the photosensitive 
member and the second developing means, the differ 
ence in developing threshold value is enlarged between 
two developer materials having different colors, 
thereby effectively removing the first developer mate 
rial mixed in the second developing means. 

In a still further aspect of the present invention, the 
image forming apparatus is provided with a selecting 
means for selecting either a first mode in which an 
image is formed by driving either the first or second 
developing means or a second mode in which an image 
is formed by driving both the first and second develop 
ing means, and a control means for prohibiting the col 
lecting means from operating when the first mode is 
selected and for permitting the collecting means to 
operate when the second node is selected. 
According to this aspect of the present invention, the 

collecting means can be operated only when both the 
first and second developing means are used at the same 
time, thereby preventing the developer material accom 
modated in the second developing means from being 
wasted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This and other objects and features of the present 
invention will become apparent from the following 
description taken in conjunction with preferred em 
bodiments thereof with reference to the accompanying 
drawings, in which: 

FIG. 1 is a schematic cross-sectional view of an 
image forming apparatus according to the present in 
vention; 
FIG. 2 is a schematic side view of a first developing 

device according to a first embodiment of the present 
invention; 

FIG. 3 is a side view, partly in section, of a second 
developing device according to a first embodiment of 
the present invention; 

FIG. 4 is a graph showing the relation between the 
electrostatic contrast and the amount of adhesion of 
toner; 

FIG. 5 is a potential diagram indicative of the poten 
tial on a photosensitive body; 

FIG. 6 is a side view, partly in section, of a first devel 
oping device according to a second embodiment of the 
present invention; 
FIG. 7 is a side view, partly in section, of a second 

developing device according to the second embodiment 
of the present invention; 
FIG. 8 is a graph similar to FIG. 4, according to the 

second embodiment of the present invention; 
FIG. 9 is a circuit diagram of a control system ac 

cording to the second embodiment of the present inven 
tion; 
FIG. 10 is a time chart for performing the image 

formation in the apparatus according to the second 
embodiment of the present invention; 
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4. 
FIG. 11 is a diagram similar to FIG. 5, according to 

the second embodiment of the present invention; 
FIG. 12 is a side view, partly in section, of a second 

developing device according to a third embodiment of 
the present invention; 
FIG. 13 is a side view, partly in section, of a first 

developing device according to a fourth embodiment of 
the present invention; 
FIG. 14 is a side view, partly in section, of a second 

developing device according to the fourth embodiment 
of the present invention; 

FIG. 15 is a fragmentary cross sectional view, on an 
enlarged scale, of the main portion of the second devel 
oping device of FIG. 14; 
FIG. 16 is a diagram similar to FIG. 9, according to 

the fourth embodiment of the present invention; 
FIG. 17 is a time chart similar to FIG. 10, according 

the fourth embodiment of the present invention; and 
FIG. 18 is a view similar to FIG. 14, according to a 

fifth embodiment of the present invention. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Before the description of the present invention pro 
ceeds, it is to be noted here that like parts are designated 
by like reference numerals throughout the accompany 
ing drawings. 
General Structure of an Image Forming Apparatus 
Referring first to FIG. 1, an image forming apparatus 

of the present invention has a photosensitive body 1 
provided substantially at the center thereof. The photo 
sensitive body 1 is arranged to be rotated in a direction 
shown by an arrow (a). 
Along the periphery of the photosensitive body 1, 

there are provided a first corona charger 2, a first devel 
oping device 3, a second corona charger 4, a second 
developing device 5, a transfer charger 6, a separating 
charger 7, a cleaning unit 8 and an eraser 9 sequentially 
in this order in a direction of rotation of the photosensi 
tive body 1. Moreover, an optical system 10 including a 
rotary polyhedral mirror 11, a first laser head 12 and a 
second laser head 13 is provided above the photosensi 
tive body 1. The image forming apparatus is further 
provided at the lower portion thereof with a paper feed 
unit 16, a paper feed roller 17 and a pair of timing rollers 
18 at the left side of the transfer charger 6, and a transfer 
belt 19, a fixing device 20, a pair of paper discharge 
rollers 21 and a paper discharge tray 22 at the right side 
of the separating charger 7, as viewed in FIG. 1. 
As shown in FIG. 2, the first developing device 3 is of 

the magnetic brush type, which is provided with a de 
veloping roller 30 confronting the photosensitive body 
1 and a developer supply member 33 and accommodates 
a first developer material consisting of carrier and red 
toner. The developing roller 30 includes a fixed mag 
netic roller 31 and a sleeve 32 rotatably mounted around 
the magnetic roller 31. A developing bias voltage VB1 is 
applied to the sleeve 32 by a power source 34. 
As shown in FIG. 3, the second developing device 5 

is also of the magnetic brush type, which is provided 
with a developing roller 50 confronting the photosensi 
tive body 1, a developer supply member 54, a separating 
roller 57 and a collecting container 59, and accommo 
dates a second developer material consisting of carrier 
and black toner. 
The developing roller 50 includes a magnetic roller 

51 rotatable in a direction shown by an arrow (c) and a 
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sleeve 52 fixedly mounted around the magnetic roller 
51. A developing bias voltage VB2 is applied to the 
sleeve 52 by a power source 53. A scraper 55 is inter 
posed between the sleeve 52 and the developer supply 
member 54 and one end thereof is in contact with the 
surface of the sleeve 52. Above the scraper 55 is dis 
posed a regulating plate 56 confronting the sleeve 52 at 
a predetermined interval. 
The separating roller 57 can rotate in a direction 

shown by an arrow (e) and a separating bias voltage Vs 
is applied thereto by a power source 58. 
The collecting container 59 has a scraper 60, one end 

of which is in contact with the surface of the separating 
roller 57. 

Specific Conditions of Photosensitive Body and 
Developer Material 

(1) Photosensitive body 
Type: OPC photosensitive drum 
Diameter: 100 mm 
System speed: 110 mm/sec. 
(2) First developer material 
Carrier: 
Average particle diameter: 60 um 
Type: Spherical ferrite carrier 

Toner: 
Average particle diameter: 11 um 

Type: Non-magnetic toner 
Polarity: Negative (-) 
Composition of toner: 

Styrene acrylic copolymer... 100 parts by weight 
Controller agent for . . . 4 
negative charge 
Red pigment. .. 5 
* These components are melted and mixed, then 

cooled, crushed and classified, thereby obtaining 
the toner. 

Toner density of the developer material (Tcl): 5 wt % 
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* The toner density is the mixing ratio by weight of 40 
toner to carrier. 

(3) Second developer material 
Carrier: 
Average particle diameter: 58 um 
Type: Binder-type carrier 
Polarity: Positive (+) 

Toner: 
Average particle diameter: 12 um 
Type: Magnetic toner 
Polarity: Negative (-) 

Composition of toner: 
Styrene acrylic copolymer... 100 parts by weight 
Controller agent for ... 5 
negative charge 
Carbon black . . . 4 
Magnetic powder . . . 40 
* The manufacturing method of toner is the same as 
the above first toner. 

Toner density (Tcl): 15 wt % 
(4) Potential relation 

* Potential of the photosensitive body charged by 
the first charger (V01)... -600 (V) 

* Surface potential at the exposed portion of the 
photosensitive body by the first exposure (Vil). 
... -50 (V) 

First developing bias (VB1)... - 450 (V) 
* Potential of the photosensitive body charged by 

the second charger (V02). . . -700 (V) 
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65 

6 
"Surface potential at the exposed portion of the 

photosensitive body by the second exposure 
(Vi2). ... -60 (V) 

* Second developing bias (VB2). ... -550 (V) 
* Separating bias (Vs)... - 480 (V) 

Image Formation 
Referring to FIG. 5, the image formation by the two 

color image forming apparatus will be discussed herein 
after. 
When the photosensitive body1 is rotating in a direc 

tion shown by an arrow (a), the surface of the photosen 
sitive body 1 is charged with V01 = - 600 (V) by the 
first corona charger 2 (refer to FIG. 5a showing the first 
charging). The electrostatically charged area is then 
exposed to imaging light, thereby forming the first elec 
trostatic latent image. In this event, the surface potential 
of the exposed portion (image portion) is rendered to be 
Vi1 = -50 (V) (refer to FIG. 5b showing the first expo 
sure). 

Subsequently, the first electrostatic latent image is 
developed by the first developing device 3 (refer to 
FIG. 5c showing the first development). In the first 
developing device 3, the first developer material is 
mixed by the developer supply member 33 and supplied 
to the sleeve 32 to form a magnetic brush under the 
influence of the magnetic force of the magnetic roller 
31. The developer material is then transported in a di 
rection of rotation of the sleeve 32, as shown by an 
arrow (b), towards the location confronting the photo 
sensitive body 1. At this location, red toner Tc is 
charged with the negative (-) polarity on the basis of 
the potential difference between the developing bias 
VB1 = -450 (V) and the surface potential Vil= -50 
(V) of the exposed portion of the photosensitive body 1. 
The red toner Tc adheres to the electrostatic latent 
image formed on the photosensitive body 1 and is 
turned to a visible image as a red toner image. 

Thereafter, the surface of the photosensitive body 1 is 
charged with V02 = -700 (V) by the second corona 
charger 4 (refer to FIG. 5d showing the second charg 
ing). The electrostatically charged area is exposed to 
imaging light, thereby forming the second electrostatic 
latent image. In this event, the surface potential of the 
exposed portion (image portion) is rendered to be 
Vi2= -60 (V) (refer to FIG. Se showing the second 
exposure). 
The second electrostatic latent image is developed by 

the second developing device 5 (refer to FIG. 5fshow 
ing the second development). In the second developing 
device 5, the second developer material is mixed by the 
developer supply member 54 and supplied to the sleeve 
52 to form a magnetic brush under the influence of the 
magnetic force of the magnetic roller 51. The developer 
material is then transported in a direction shown by an 
arrow (d) along the periphery of the sleeve 52 on the 
basis of the rotation of the magnetic roller 51 as shown 
by an arrow (c). The amount of the developer material 
to be transported is regulated by the regulating plate 56 
until the developer material reaches a developing re 
gion confronting the photosensitive body 1. At the 
developing region, black toner Tb is charged with the 
negative (-) polarity on the basis of the potential differ 
ence between the developing bias VB2 = -550 (V) and 
the surface potential Vi2= -60 (V) of the exposed 
portion of the photosensitive body 1. The black toner 
Tb adheres to the electrostatic latent image formed on 
the photosensitive body 1 and is turned to a visible 
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image as a black toner image. The developer material, 
which has passed the developing region, is further 
transported in the direction shown by the arrow (d) and 
removed from the surface of the sleeve 52 by the 
scraper 55 at the location confronting the developer 
supply member 54. 
The red and black toner images formed in this way 

are both transferred by the transfer charger 6 onto a 
transfer material fed from the paper feed unit 16. The 
transfer material with the toner images is then separated 
from the surface of the photosensitive body 1 by the 
separating charger 7 and sent to the fixing device 20 by 
the transfer belt 19. The toner images are fixed on the 
transfer material through the heating. Then, the transfer 
material is discharged on the discharge tray 22 by the 
discharge rollers 21. 
On the other hand, after the toner images have been 

transferred onto the transfer material, remaining toner 
on the photosensitive body 1 are removed by the clean 
ing unit 8. The residual electric charge on the photosen 
sitive body 1 is erased by the eraser 9 in preparation for 
the next image formation. 

Toner Separation 
In the above-described two-color image formation, 

when the second developer material is brought into 
contact with the red toner image formed by the first 
developing device 3 at the developing region of the 
second developing device 5, part of the red toner is 
occasionally removed by the second developer mate 
rial. The removed red toner along with the second 
developer material is scraped off the surface of the 
sleeve 52 by the scraper 55 and mixed into the second 
developer material by the developer supply member 54. 
Although the red toner removed by the second de 

veloper material mainly consists of toner having a weak 
adhesive force to the photosensitive body 1, i.e., insuffi 
ciently charged toner, such kind of insufficiently 
charged toner can also be charged enough through the 
contact with carrier in the second developer material. 
The red toner mixed into the second developer material 
is fed to the sleeve 52 by the developer supply member 
54 and transported to the location confronting the sepa 
rating roller 57. 
A separating bias Vs = -480 (V) is applied to the 

separating roller 57 whereas a developing bias 
VB2=-550 (V) is applied to the sleeve 52. Accord 
ingly, there exists a potential difference of 70 (V) be 
tween the separating roller 57 and the sleeve 52, and the 
separating roller 57 is high in potential. This potential 
difference is hereinafter referred to as electrostatic con 
trast. The red and black toners charged with the nega 
tive (-) polarity are subjected to electric attraction 
directed to the separating roller 57 on the basis of the 
electrostatic contrast. 
However, there exists a difference in developing 

threshold value between the red and black toners be 
cause only the black toner consists of magnetic toner. 
More specifically, as shown in FIG. 4, the amount of 
red toner particles to be transferred to the separating 
roller 57 is proportional to the degree of electrostatic 
contrast. The reason for this is that the red toner con 
sists of non-magnetic toner and is, therefore, free from 
the magnetic attraction of the magnetic roller 51. In 
contrast, the black toner consists of magnetic toner and 
is subjected to the magnetic attraction of the magnetic 
roller 51. When the electrostatic contrast is less than 
approximately 100 (V), the magnetic attraction of the 
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8 
magnetic roller 51 is greater than the electric attraction, 
and therefore, the black toner hardly moves to the sepa 
rating roller 57. 

In this embodiment, since the electrostatic contrast is 
set to 70 (V), only the red toner moves to the separating 
roller 57. In other words, only the red toner mixed into 
the second developer material is selectively collected 
by the separating roller 57. 
The red toner collected by the separating roller 57 is 

transported in a direction of rotation of the separating 
roller 57 shown by an arrow (e) and scraped off by the 
scraper 90 so as to be collected in the collecting con 
tainer 59. 
As a result, there does not arise the problem that the 

mixture of the red and black toners is supplied to an 
electrostatic latent image, thus contributing to the in 
provement of image quality without mixture of colors. 

It is to be noted that in the above-described embodi 
ment, although a specified difference in developing 
threshold value is provided between the first and sec 
ond toners by the use of the first toner of non-magnetic 
toner and the second toner of magnetic toner, both the 
first and second toners may consist of magnetic toner. 
In such a case, the difference in developing threshold 
value can be provided between both the toners by mak 
ing the magnetic force of the second toner greater than 
that of the first toner. 
According to this embodiment of the present inven 

tion, since the first toner mixed in the second develop 
ing device is separated and collected by the separating 
roller, the first toner along with the second toner is not 
supplied from the second developing device to the pho 
tosensitive body, thereby eliminating mixture of colors 
in an image to be formed and enabling the improvement 
of image quality. 
FIGS. 6 and 7 depict a first developing device 3a and 

a second developing device 5a, respectively, according 
to a second embodiment of the present invention. 
As shown in FIG. 6, the first developing device 3a is 

of the magnetic brush type, which is provided with a 
developing roller 61 comprised of a magnet body 62 and 
a sleeve 63 rotatably mounted around the magnet body 
62, and a developer supply member 65. The magnet 
body 62 is provided with a plurality of magnetic poles 
extending in the axial direction along the outer periph 
ery thereof. Magnetic poles N, N having the same po 
larity are formed adjacent to each other at the location 
confronting the developer supply member 65. The 
sleeve 63 can rotate in a direction shown by an arrow 
(b) and connected to a power source 66 via a switch 
SW1 so that a direct current developing bias VB may 
be applied to the sleeve 63 on the basis of a signal from 
a microcomputer MC (refer to FIG.9) when the switch 
SW1 is turned on. Above the developing roller 61 is 
disposed a regulating plate 64, one end of which con 
fronts the sleeve 63 with a predetermined interval being 
kept therebetween. 
As shown in FIG. 7, the second developing device 5a 

is substantially of the same structure as the first develop 
ing device 3a. A sleeve 73 of the second developing 
device 5a is connected to a power source 76, specifi 
cally, to a direct current source 76 via a switch SW2 
DC or an alternating current source 76 via a switch 
SW2-AC. When the switch SW2-DC or SW2-AC is 
turned on, a developing bias voltage or VB2 (VB2-DC or 
GVB2.4c) is applied to the sleeve 73 on the basis of a 
signal from the microcomputer MC. 
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The first and second developing devices 3a and 5a of 

the above-described structure accommodate carrier and 
non-magnetic colored toner and, carrier and magnetic 
black toner, respectively. Since each of the developing 
devices accommodates a different kind of toner, these 
devices represent different developing characteristics, 
as is understood from a graph of FIG.8. More specifi 
cally, in the first developing device 3a accommodating 
the non-magnetic colored toner, the amount of adhesion 
of toner rapidly increases from the state where the elec 
trostatic contrast is 0 (V). This tendency of increase is 
proportional to the degree of electrostatic contrast. On 
the other hand, in the second developing device 5a 
accommodating the magnetic black toner, the amount 
of adhesion of toner is considerably small from 0 (V) to 
100 (V) of the electrostatic contrast and gradually in 
creases in accordance with the degree of electrostatic 
contrast after the electrostatic contrast exceeds approxi 
mately 100 (V). In other words, the developing thresh 
old value is different between the colored toner and the 
black toner. Therefore, when the electrostatic contrast 
is less than 100 (V), a sufficient amount of the colored 
toner adheres to the photosensitive body 1 whereas the 
amount of adhesion of the black toner is small. In the 
graph of FIG. 8, "DC" represents the case where only 
a direct current is applied as the developing bias 
whereas "AC+DC' represents the case where a direct 
current connected in series with an alternating current 
is applied as the developing bias. 

Specific Conditions of Photosensitive Body and 
Developer Material 

(1) Photosensitive body 
The conditions are the same as those in the first 

embodiment. 
(2) First developer material 
The conditions are the same as those in embodi 

let. 

(3) Second developer material 
The conditions are the same as those in the first 
embodiment. 

(4) Potential relation 
(i) At the time of toner image formation 
* Potential of the photosensitive body charged by the 

first charger (V01) ... -600 (V) 
* Surface potential at the exposed portion of the pho 

tosensitive body by the first exposure (Vil) ... -50 
(V) 

* First developing bias (VB1; direct current)... - 450 
(V) 

* Potential of the photosensitive body charged by the 
second charger (VO2). ... -700 (V) 

* Surface potential at the exposed portion of the pho 
tosensitive body by the second exposure (Vi2). . . 
-60 (V) 

* Second developing bias (VB2: direct current only) 
... -550 (V) 

(ii) At the time of toner collection 
* Potential of the photosensitive body charged by the 

first charger (V01)... -600 (V) 
* Second developing bias (VB2: DC-AC) 

(VB2). . . VB2-DC--VB2-AC 
DC bias VB2-Dc= -670 (V) 
AC bias VB2-AC= 1500 P-P (V) 

(Frequency: 1 KHz) 
(NOTE) "P-P” means a peak-to-peak value. The 

first developing device 3, the second corona 
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10 
charger 4, and the optical system 10 are out of 
operation. 

Image Formation 
The operation of the image forming apparatus is en 

tirely controlled by the microcomputer MC shown in 
FIG. 9 wherein M0, M1 and M2 are motors for driving 
the photosensitive body 1, the first developing device 
3a and the second developing device 5a, respectively. 
When the microcomputer MC receives a printing order 
from a host computer (not shown), the microcomputer 
MC judges whether a single color printing mode or a 
two-color printing mode is selected. Either colored or 
black toner is used in the single color printing mode 
whereas both the colored and black toners are used in 
the two-color printing mode. 
When the single color printing mode is selected, ei 

ther the first developing device 3a or the second devel 
oping device 5a is selectively driven to perform the 
single color printing using either colored or black toner. 
On the other hand, when the two-color printing 

mode is selected, two-color image formation is per 
formed in accordance with a time chart as shown in 
FIG. 10. This image formation is substantially the same 
as that of the first embodiment but is discussed in detail 
hereinafter 
Upon input of a signal of a printing order, the motor 

MO is driven to rotate the photosensitive body 1 in a 
direction of an arrow (a). 

Subsequently, the first and second corona chargers 2 
and 4 are turned on so that the surface of the photosensi 
tive body 1 passing the chargers 2 and 4 is charged with 
V01 = -600 (V) and VO2=-700 (V) respectively 
(refer to FIG. 11a showing the first charging and to 
FIG. 11d showing the second charging). In the first and 
second developing devices 3a and 5a, the sleeves 63 and 
73 are rotated by respective motors M1 and M2 in a 
direction shown by arrows (b) and (b.), respectively. 
Moreover, in the first developing device 3a, the devel 
oping bias VB1 = -450 (V) is applied to the sleeve 63 
from the power source 66 when the switch SW1 is 
turned on. In the second developing device 5a, the 
direct current bias VB2-DC= -550 (V) is applied to the 
sleeve 73 from the direct current power source 76DC 
when the switch SW2-DC is turned on. In this case, the 
alternating current power source 76Ac is kept off. 

Then, laser light 14 corresponding to a colored image 
is emitted to the rotary polyhedral mirror 11 from the 
first laser head 12. The reflected light is directed to the 
surface of the photosensitive body 1 between the first 
corona charger 2 and the first developing device 3a via 
a plurality of mirrors (refer to FIG. 11b showing the 
first exposure) so that a first electrostatic latent image 
may be formed at a portion of the photosensitive body 
1 exposed to the reflected light and having a surface 
potential Vil= -50 (V). The first electrostatic latent 
image is turned into a visible image as a colored toner 
image by the first developing device 3a (refer to FIG. 
11c showing the first development). In the first develop 
ing device 3a, the first developer material is fed to the 
sleeve 63 while being mixed by the developer supply 
member 65. The developer material fed to the sleeve 63 
forms a magnetic brush under the influence of the mag 
netic force of the magnet body 62 and is transported in 
the direction of the arrow (b) with the rotation of the 
sleeve 63. The developer material then passes the regu 
lating plate 64 and reaches the developing region X1 
where the developer material confronts the photosensi 
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tive body 1. In the developing region X1, colored toner 
Tc charged with the negative (-) polarity adheres to 
the electrostatic latent image portion (exposed portion) 
on the photosensitive body 1 based on the electrostatic 
contrast 400 (V) between the developing bias 
VB1 = -450 (V) and the surface potential Vil= -50 
(V), thereby turning the electrostatic latent image into a 
visible colored toner image. On the other hand, the 
movement of carrier is magnetically restricted by the 
magnet body 62 and the carrier hardly adheres to the 
photosensitive body 1 by the action of Coulomb's force. 
Even if the carrier adheres to the photosensitive body1 
through mechanical contact thereof with the photosen 
sitive body 1, the amount of adhesion thereof is negligi 
bly small. The developer material having passed the 
developing region XI is further transported to the loca 
tion confronting the developer supply member 65, 
where the developer material is released from the mag 
netic attraction of the magnet body 62 and separated 
from the surface of the sleeve 63. 

Furthermore, laser light 15 is emitted to the rotary 
polyhedral mirror 11 from the second laser head 13 and 
is directed to the surface of the photosensitive body 1 
between the second corona charger 4 and the second 
developing device Sa via a plurality of mirrors (refer to 
FIG. 11e showing the second exposure). In this event, 
the surface of the photosensitive body 1 is charged with 
V02 = -700 (V) by the second corona charger 4 and a 
second electrostatic latent image is formed at a portion 
of the photosensitive body 1 exposed to the laser light 
15 and having a surface potential Vi2= -60 (V). The 
second electrostatic latent image is turned into a visible 
image as a black toner image by the second developing 
device 5a at the developing region X2. In the second 
developing device 5a, the second developer material 
consisting of carrier and black toner is fed to the sleeve 
73 while being mixed by the developer supply member 
75. The developer material fed to the sleeve 73 forms a 
magnetic brush under the influence of the magnetic 
force of the magnetic roller 71. The developer material 
then passes the regulating plate 74 and reaches the de 
veloping region X2 where the developer material con 
fronts the photosensitive body 1. In the developing 
region X2, black toner Tb charged with the negative 
(-) polarity adheres to the electrostatic latent image 
portion (exposed portion) on the photosensitive body 1 
based on the electrostatic contrast 490 (V) between the 
developing bias VB2-Dc=-550 (V) and the surface 
potential Vi2= -60 (V), thereby turning the electro 
static latent image into a visible black toner image (refer 
to FIG. 11f showing the second development). The 
reason why the electrostatic contrast 490 (V) in the 
developing region X2 is rendered greater than that 400 
(V) in the developing region X1 is that the black toner 
is of magnetic toner and is subjected to the magnetic 
force of the magnet body 72, and therefore the electro 
static attraction to the black toner is required to be 
increased by enlarging the electrostatic contrast so that 
the image density may be maintained. On the other 
hand, the movement of carrier is magnetically restricted 
by the magnet body 72 and the carrier hardly adheres to 
the photosensitive body 1 by the action of Coulomb's 
force. Even if the carrier adheres to the photosensitive 
body 1 through mechanical contact thereof with the 
photosensitive body 1, the amount of adhesion thereof is 
negligibly small, as similar in the first developing device 
3a, 
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Both the colored toner image and the black toner 

image formed on the photosensitive body 1 are trans 
ferred to a transfer material at the location confronting 
the transfer charger 6. The transfer material is intro 
duced into the main body of the image forming appara 
tus by the paper feed roller 17 from the paper feed unit 
16 and is transported to the location confronting the 
transfer charger 6 in synchronization with the toner 
images by the timing rollers 18. 
The transfer material with the toner images is sepa 

rated from the surface of the photosensitive body 1 by 
the separating charger 7 and sent to the fixing device 20 
by the transfer belt 19. The toner images are then fixed 
on the transfer material by the heating. 

Thereafter, the transfer material is discharged on the 
paper discharge tray 22 by the paper discharge rollers 
21. 

Residual toner on the photosensitive body 1 is re 
moved by the cleaning unit 8 and the residual electric 
charge on the photosensitive body 1 is erased by the 
eraser 9 in preparation for the following first charging. 

Collection of Toner 

In the above-described two-color printing mode, 
when the photosensitive body 1 passes the developing 
region X2 of the second developing device 5a, the sec 
ond developer material is brought into contact with the 
colored toner image formed by the first developing 
device 3a. As a result, the colored toner is partially 
captured by and mixed in the second developer mate 
rial. 
The collection of the colored toner mixed in the sec 

ond developer material will be discussed hereinbelow. 
Upon completion of formation of the toner images on 

the photosensitive body 1, the second corona charger 4, 
the first developing device 3a and the eraser 9 are 
turned off, with the first corona charger 2 and the sec 
ond developing device 5a being kept on. In the second 
developing device 5a, the direct current bias is changed 
from -550 (V) to -670 (V) whereas the alternating 
current source 76Ac is turned on so that the alternating 
current bias VB2-4C-1500 P-P (V) may also be ap 
plied to the sleeve 73. 
Under such conditions, in the second developing 

device Sa, the colored toner as well as the black toner is 
mixed with the carrier and transported to the develop 
ing region X2 by the sleeve 73. Since the same charging 
controller agent is used for the colored toner and the 
black toner, both the toners tend to be charged with the 
same polarity with respect to the carrier, and therefore, 
the polarity of the colored toner mixed in the second 
developer material is not reversed. 

In the developing region X2, the colored toner is 
collected by the photosensitive body 1 on the basis of 
the electrostatic contrast of 70 (V) between the poten 
tial V02'= -600 (V) of the photosensitive body 1 and 
the direct current bias VB2-DC-670 (V). On the other 
hand, the black toner is held on the sleeve 73 under the 
influence of the magnetic attraction of the magnet body 
72 but extremely slightly adheres to the photosensitive 
body 1 on the basis of the force of mirror image or the 
like with respect thereto. 
As mentioned above, both the direct current bias 

VB2-DC and the alternating current bias VB2-4C are 
applied as the developing bias VB2, to the sleeve 73. 
Consequently, as indicated in the graph of FIG. 8, more 
colored toner can move to the photosensitive body 1 as 
compared with the case where only the direct current 
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bias VB2-Dc is applied. As a result, the efficiency for 
collecting the colored toner is raised and a large amount 
of colored toner can be collected within a relatively 
short time. 

In the case of the black toner, the developing thresh 
old value can be made larger by applying the alternat 
ing current bias VB2-4c in addition to the direct cur 
rent bias VB2-DC. Therefore, the electrostatic contrast 
can be raised to around 150 (V), thereby further increas 
ing the amount of adhesion of the colored toner so that 
the colored toner can be effectively separated and col 
lected from the second developer material within a 
short time. 
When both the alternating current bias VB2-4C and 

the direct current bias VB2-Dcare applied as the devel 
oping bias VB2" the force in a direction in which toner 
naturally moves is increased, thereby increasing the 
amount of adhesion of the toner. 
The colored toner collected by the photosensitive 

body 1 in this way is further collected by the cleaning 
unit 8. 
The above-discussed toner removal is performed for 

a given period of time until the next image formation is 
commenced. Thereafter, the first corona charger 2 and 
the second developing device 5a are turned off and the 
developing bias VB2 is changed to "0" (V). 
According to the second embodiment of the present 

invention, the presence of an alternating electric field 
contributes to the effective collection of the first toner 
mixed in the second developing device and can consid 
erably restrict the movement of the second toner to the 
photosensitive body at the time of collection of the first 
toner. It is, therefore, economical in that the second 
toner is not wasted. 
FIG. 12 depicts a second developing device 5b ac 

cording to a third embodiment of the present invention. 
In the second embodiment, although colored toner 

mixed in the second developing device. 5a is collected 
by the photosensitive body 1, such toner may be col 
lected by a collecting roller 90 disposed adjacent to a 
sleeve 83, as shown in FIG. 12. 

In the developing device 5b, developer material con 
sisting of carrier and magnetic black toner is supplied to 
a developing roller 81 by a developer supply member 85 
and held on the surface of the sleeve 83 under the influ 
ence of the magnetic force of a magnet body 82. While 
the magnet body 82 and the sleeve 83 are rotating in a 
direction shown by an arrow (c) and in a direction 
shown by an arrow (d), respectively, the developer 
material held on the sleeve 83 is transported in the di 
rection of the arrow (d). The developer material then 
passes a regulating plate 84 and reaches the developing 
region X2 where the developer material is brought into 
contact with the surface of the photosensitive body 1 to 
develop an electrostatic latent image. In this event, part 
of non-magnetic colored toner of the first developing 
device adhering to the photosensitive body 1 is re 
moved by the developer material. 
The developer material is then transported in the 

direction of the arrow (d) and reaches the location con 
fronting the collecting roller 90. At this location, the 
non-magnetic colored toner is collected by the collect 
ing roller 90 under the influence of the potential differ 
ence between a developing bias VB and a collecting bias 
Vs applied to the collecting roller 90, and the magnetic 
force of the magnet body 82. As shown in FIG. 12, a 
direct current power source 87Dc and an alternating 
current power source 87Ac connected in series are em 
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14 
ployed as a developing bias power source 87, thereby 
raising the efficiency for collecting the colored toner 
and a power source 93 is connected to the roller 90. 
The colored toner collected by the collecting roller 

90 is transported in a direction shown by an arrow (e) 
and collected in a collecting container 91 by a scraper 
92. 
On the other hand, the developer material on the 

sleeve 83 is removed by a scraper 86 at the location 
confronting the developer supply member 85. 

In this embodiment, although the surface of the pho 
tosensitive body 1 is electrostatically charged by the 
first corona charger 2 at the time of toner removal, the 
surface of the photosensitive body 1 may be charged by 
the second corona charger 4. In this case, the potential 
of the photosensitive body 1 and the second developing 
bias are rendered to be, for example, V02' = -470 (V) 
and VB2' = -550 (V), respectively. In the case where 
the second corona charger 4 is provided with a poten 
tial controlling grid confronting the photosensitive 
body 1, the alteration of potential can be easily con 
ducted by controlling the voltage applied to the grid. 
When the toner removal immediately follows the 

image formation, a potential of -30 (V) still remains on 
the surface of the photosensitive body 1 after erasing 
light has been applied thereto from the eraser 9. Ac 
cordingly, the colored toner mixed in the second devel 
oping device 5b may be collected by making use of this 
residual potential, not using the corona charger. More 
specifically, on condition that an electrostatic contrast 
of Vc2 = 70 (V) is provided between the photosensitive 
body 1 and the sleeve 83 by setting the direct current 
bias to VB2 = - 100 (V), the colored toner can be re 
moved based on this potential difference. 

It is to be noted here that in this embodiment, al 
though the collecting roller 90 is placed downstream 
from the developing region X2 and upstream from the 
developer supply member 85 as viewed in the direction 
of transportation of the developer material on the sleeve 
83, the collecting roller 90 may be placed upstream 
from the developing region X2 and downstream from 
the developer supply member 85 viewed in the afore 
mentioned direction. 
As taught above with respect to FIGS. 6 and 7, the 

electric field forming means for applying a direct cur 
rent bias and an alternating current bias to the develop 
ing roller of the second developing means can be uti 
lized such that only the direct current bias is applied to 
the developing roller when an image is formed on the 
photosensitive member, and both the direct current bias 
and the alternating current bias can be applied to the 
developing roller when no image is formed on the pho 
tosensitive member. 
FIGS. 13 and 14 depict a first developing device 3c 

and a second developing device 5c, respectively, ac 
cording to a fourth embodiment of the present inven 
tion. FIG. 15 depicts the main portion of the second 
developing device 5c. 
As shown in FIG. 13, the first developing device 3c is 

of the magnetic brush type, which is provided with a 
fixed developing roller 131 comprised of a magnet body 
132 and a sleeve 133 rotatably mounted around the 
magnet body 132, and a developer supply member 135. 
The magnet body 132 is provided with a plurality of 
magnetic poles extending in the axial direction along the 
outer periphery thereof. Two magnetic poles N and N 
are arranged adjacent to each other at the location 
confronting the developer supply member 135. The 
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sleeve 133 can rotate in a direction shown by an arrow 
(b) and connected to a power source 136. A direct cur 
rent developing bias VB is applied to the sleeve 133 in 
compliance with a signal from a microcomputer MC 
(refer to FIG. 16). A regulating plate 134 is disposed 
above the sleeve 133 and spaced therefrom at a prede 
termined interval. 
As shown in FIGS. 14 and 15, the second developing 

device 5c is also of the magnetic brush type, which is 
provided with a developing roller 151 comprised of a 
magnet body 152 and a sleeve 153 rotatably mounted 
around the magnet body 152, and a developer supply 
member 155. The magnet body 152 has a plurality of 

O 

magnetic poles S and N alternately extending and 
equally spaced in the axial direction along the outer 
periphery thereof. The magnet body 152 can rotate in a 
direction shown by an arrow (c). The sleeve 153 is 
connected to a power source 156 and a developing bias 
VB2 is applied thereto in compliance with a signal sent 
from the microcomputer MC. A scraper 157 is inter 
posed between the sleeve 153 and the developer supply 
member 155 and one end thereof is in contact with the 
surface of the sleeve 153. Moreover, a regulating plate 
154 is disposed above and spaced a predetermined dis 
tance from the sleeve 153. 
A collecting roller 160 confronting both the sleeve 

153 and the photosensitive body 1 is disposed below the 
location where the sleeve 153 and the photosensitive 
body 1 confront each other. The collecting roller 160 is 
comprised of a fixed magnet body 161 and a collecting 
sleeve 162 rotatably mounted around the magnet body 
161. The magnet body 161 has a magnetic pole N con 
fronting the photosensitive body 1 and two magnetic 
poles S confronting the developing roller 151. The mag 
netic force of the magnetic pole N is set to be 800-1000 
Gauss. The collecting sleeve 162 is made of aluminum 
or the like in the form of a cylinder and can rotate in a 
direction shown by an arrow (d). The collecting sleeve 
162 is connected to a power source 163 and a collecting 
bias Vs is applied thereto in compliance with a signal 
sent from the microcomputer MC. A container 165 is 
placed beside the collecting roller 160 and one end of a 
scraper 166 securely mounted on the container 165 is in 
contact with the surface of the collecting sleeve 162. 
The first and second developing devices 3c and 5c 

accommodate carrier and non-magnetic colored toner, 
and carrier and magnetic black toner, respectively. 
Since each developing device accommodates a different 
kind oftoner, these devices represent different develop 
ing characteristics, as previously understood from the 
graph of FIG. 4 or as similar to those shown in the 
graph of FIG. 8. 

Specific Conditions of Photosensitive Body and 
Developer Material 

(1) Photosensitive body 
The conditions are the same as those in the first em 

bodiment. 
(2) First developer material 
Carrier: 
Average particle diameter: 58 plm 
Type: Binder type carrier 
Polarity: Positive (+) 
Other conditions are the same as those in the first 
embodiment. 

(3) Second developer material 
The conditions are the same as those in the first 

embodiment. 
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(4) Potential relation 
The conditions are the same as those in the first 

embodiment. 

Image formation 
The operation of the image forming apparatus is en 

tirely controlled by the microcomputer MC shown in 
FIG. 16, wherein MO, M1, M2 and M3 are motors for 
driving the photosensitive body 1 and sleeves 133, 153 
and 162, respectively. The image forming apparatus is 
equipped with an operation panel 200 having a print key 
201 and a selection key 202. Manipulation of the selec 
tion key 202 can select any one of a black printing 
mode, a color printing mode and a two-color printing 
mode. 
When a printing order is inputted from the operation 

panel 200 or a host computer (not shown), the mi 
crocomputer MC performs the following image forma 
tion in compliance with the selected printing mode. 

(i) Two-color printing mode 
In the event that the two-color printing mode is se 

lected, the two-color image formation is performed in 
the order in accordance with a time-chart of FIG. 17. 
Upon input of a signal of the printing order, the 

motor MO is driven to rotate the photosensitive body 1 
in a direction shown by an arrow (a). 

Subsequently, the first and second corona chargers 2 
and 4 are turned on so that the surface of the photosensi 
tive body 1 passing the chargers 2 and 4 is charged with 
V01 = -600 (V) and V02= -700 (V), respectively 
(refer to FIG. 5a showing the first charging and FIG. 
5d showing the second charging). The motors M1, M2 
and M3 rotate the sleeves 133, 153 and 163, respec 
tively, in the first and second developing devices 3c and 
5c. In the first developing device 3c, the developing bias 
VB1 = -450 (V) is applied to the sleeve 133 from the 
power source 136 whereas, in the second developing 
device 5c, the bias VB2= -550 (V) is applied to the 
sleeve 153 from the power source 156. Furthermore, the 
collecting bias Vs= -480 (V) is applied to the collect 
ing sleeve 162 from the power source 163. 

Since the process of image formation in this embodi 
ment is substantially the same as that of the foregoing 
embodiments, the description therefor is omitted for 
brevity's sake. 

(ii) Single-color printing mode 
In the event that the black color printing mode or the 

color printing mode is selected, only the first or the 
second developing device 3c or 5c is driven to obtain a 
single-color image. Detailed description of the image 
forming operation is abbreviated here. 

It is to be noted that in the single-color printing mode, 
the motor M3 for driving the collecting roller 160 is 
stopped and the collecting bias Vs is not applied. There 
fore, black toner accommodated in the second develop 
ing device 5c is never wasted by the collecting roller 60. 

Collection of Toner 

In the two-color printing mode, when the photosensi 
tive body 1 passes the developing region X2 of the 
second developing device Sc, the second developer 
material is brought into contact with the colored toner 
image formed by the first developing device 3c. As a 
result, the colored toner is partially captured by and 
mixed with the second developer material held on the 
sleeve 153. 
The colored toner captured by the second developer 

material along with the second developer material is 
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transported in a direction shown by an arrow (b") by the 
sleeve 153 and reaches the location X4 confronting the 
collecting roller 160. This location is hereinafter re 
ferred to as a collecting region. In the collecting region 
X4, the colored toner and the black toner charged with 
the negative (-) polarity receive Coulomb's force di 
rected to the collecting sleeve 162 having a higher po 
tential based on the potential difference between the 
developing bias VB2 = -550 (V) applied to the sleeve 
153 and the collecting bias Vs= -480(V) applied to the 
collecting sleeve 162. Since the black toner is of mag 
netic toner, the black toner is restricted in movement by 
the magnetic force of the magnet body 152 and there 
fore never moves to the collecting sleeve 162. On the 
contrary, since the colored toner is of non-magnetic 
toner, the colored toner is not subjected to the magnetic 
force of the magnet body 152. Accordingly, the colored 
toner moves to the collecting sleeve 162 based on Cou 
lomb's force. 
The colored toner moved to the collecting sleeve 162 

is transported in a direction shown by an arrow (d) by 
the sleeve 162. The colored toner is then removed from 
the surface of the sleeve 162 by the scraper 166 and 
collected in the collecting container 165. 
Although the location of the collecting roller 160 is 

not restricted, the location according to this embodi 
ment is advantageous in that since the colored toner 
removed in the developing region X2 exists in high 
density at this location, the colored toner can be effec 
tively collected within a short time. 

In the single-color printing mode, there is no fear that 
colors are mixed. Accordingly, black toner is not 
wasted by stopping the motor M3 for driving the col 
lecting roller 160 without applying the collecting bias 
VS. 

Collection of Carrier 

Carrier adhering to the photosensitive body 1 is col 
lected in the following manner. 
The carrier adhering to the surface of the photosensi 

tive body 1 in the developing regions X and X2 is 
transported to the location X3 confronting the collect 
ing roller 162. This location is hereinafter referred to as 
a carrier collecting region. 

Since the photosensitive body 1 confronts a magnetic 
pole N of the magnet body 161 in the carrier collecting 
region X3, the carrier on the photosensitive body 1 is 
attracted by the magnetic pole N and moved to the 
collecting roller 160. 
The carrier moved to the collecting roller 160 is held 

on the surface of the collecting sleeve 162 by the mag 
netic force of the magnet body 161. Thereafter, the 
carrier is moved in the direction of the arrow (d) in 
accordance with the rotation of the collecting sleeve 
162 and reaches the collecting region X4. 

In the collecting region X4, two magnetic poles S are 
formed adjacent to each other in the magnet body 161, 
thereby forming a repulsive magnetic field. This repul 
sive magnetic field separates the carrier from the col 
lecting roller 160. The carrier is then attracted by the 
magnet body 152 of the developing roller 151 and 
moves to the developing roller 151. In this way, the 
carrier is captured by the second developer material. 
Furthermore, as the sleeve 153 is rotated, the carrier is 
transported in a direction shown by an arrow (b") and 
collected in the second developing device 5c. 

In the monochromic, i.e., black color printing mode, 
when the collecting roller 160 is driven with the collect 
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ing bias Vs = -600 (V), the potential difference from 
the developing bias VB = -550(V) applied to the sleeve 
153 makes it possible only to collect the carrier without 
consuming the black toner. 

In the second developing device 5c according the 
above-described fourth embodiment, the developer 
material is transported by driving both the magnet body 
152 and the sleeve 153 of the developing roller 151. 
However, a developing roller having the same struc 

ture as the developing roller 131 of the first developing 
device 3c can be also employed in the second develop 
ing device, as shown in FIG. 18 embodying a second 
developing device 5d according to the fifth embodiment 
of the present invention. 
As shown in FIG. 18, it is not necessary to form two 

magnetic poles of the same polarity (S) adjacent to each 
other in a magnet body 181 of a collecting roller 180 at 
the location confronting the developing roller 171, but 
may be arranged so that the magnetic pole confronting 
the developing roller 171 is shifted in a direction oppo 
site to the direction (d) from the position where the 
developing roller 171 is closest to the collecting roller 
180. In such a case, the portion of the magnetic pole S 
having a reduced magnetic force is located closest to 
the developing roller 171. In this case also, the collected 
carrier is attracted by the magnet body 172 and moved 
to the developing roller 171. The third developing de 
vice 5D is also of the magnetic brush type with a sleeve 
173 provided to the developing roller 171 and a sleeve 
182 provided with the collecting roller 180. The regions 
X2, X3 and X4 correspond generally to the description 
of the developing region, the location referred to as a 
carrier collection region and the collecting region, re 
spectively, in the same manner as the description of 
FIGS. 14 and 15. The photosensitive body 1 rotates in 
the direction of the arrow a. 
As is described hereinabove, the first toner mixed in 

the second developer material is collected only when 
the two-color printing mode is selected. Since the 
annount of the second toner collected together with the 
first toner is small, the second toner is not wasted, thus 
contributing to the effective use of toner and the im 
provement of image quality without mixture of colors. 
Although the present invention has been fully de 

scribed by way of examples with reference to the ac 
companying drawings, it is to be noted here that various 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless such changes and 
modifications otherwise depart from the spirit and 
scope of the present invention, they should be construed 
as being included therein. 
What is claimed is: 
1. An image forming apparatus accommodating a 

photosensitive member rotatably mounted therein, said 
apparatus comprising: 
a first developing means accommodating a first de 

veloper for developing at a first developing region 
a first electrostatic latent image formed on the 
photosensitive member; 

a second developing means located downstream from 
said first developing means in a direction of rota 
tion of said photosensitive member and provided 
with a developing roller having a magnetic force, 
said second developing means accommodating a 
second developer for developing at a second devel 
oping region a second electrostatic latent image, 
said second developer being different in color from 
said first developer and having a magnetism greater 
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than said first developer, said second developer 
being transported to said second electrostatic latent 
image formed on said photosensitive member along 
a periphery of said developing roller so that said 
second electrostatic latent image is developed; and 

a collecting means provided in said second develop 
ing means at a position upstream from the second 
developing region with respect to the direction of 
the photosensitive member rotation and having a 
collecting member confronting said developing 
roller, 

whereby said first developer mixed in said second 
developer transported along the periphery of said 
developing roller is moved toward and collected 
by said collecting member under the influence of 
an electric field formed between said collecting 
member and developing roller. 

2. The image forming apparatus as claimed in claim 1, 
wherein said second developer is moved by a potential 
difference greater than a predetermined value, said first 
developer being moved by a potential difference less 
than said predetermined value required for movement 
of said second developer, and wherein said electric field 
is formed by a potential difference greater than a mini 
mum value required for movement of said first devel 
oper and less than a minimum value required for move 
ment of said second developer. 

3. The image forming apparatus as claimed in claim 1, 
further comprising a developer supply means, accom 
modated in said second developing means, for supply 
ing said second developer to said developing roller, 
wherein said collecting means is located downstream 
from said developer supply means and upstream from a 
developing region in a direction of transportation of 
said developer, said developer being supplied on said 
second electrostatic latent image on said photosensitive 
member in said developing region. 

4. The image forming apparatus as claimed in claim 1, 
wherein said collecting means is provided with a rotat 
able collecting roller for collecting said first developer 
and a collecting container for accommodating said first 
developer collected by said collecting roller, said first 
developer removed from said developing roller being 
held on said collecting roller by said electric field 
formed between said collecting roller and developing 
roller. 

5. The image forming apparatus as claimed in claim 1, 
wherein said first and second developers have the same 
polarity. 

6. An image forming apparatus accommodating a 
photosensitive member rotatably mounted therein, said 
apparatus comprising: 

a first developing means accommodating a first de 
veloper for developing at a first developing region 
a first electrostatic latent image formed on the 
photosensitive member, said first developer mov 
ing toward a location having a higher potential 
when a potential difference greater than a first 
predetermined value is generated; 

a second developing means located downstream from 
said first developing means in a direction of rota 
tion of said photosensitive member and provided 
with a developing roller having a magnetic force, 
said second developing means accommodating a 
second developer for developing at a second devel 
oping region a second electrostatic latent image, 
said second developer being different in color from 
said first developer and moving toward a location 
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having a higher potential when a potential differ 
ence greater than a second predetermined value is 
generated, said second developer being transported 
to a second electrostatic latent image formed on 
said photosensitive member along a periphery of 
said developing roller so that said a second electro 
static latent image is developed; and 

a collecting means provided in said second develop 
ing means at a position upstream from the second 
developing region with respect to the direction of 
the photosensitive member rotation and having a 
collecting member confronting said developing 
roller, 

whereby said first developer mixed in said second 
developing means is moved toward and collecting 
by said collecting member under the influence of 
an electric field formed between said collecting 
member and developing roller. 

7. The image forming apparatus as claimed in claim 6, 
wherein said first developer includes non-magnetic 
toner and said second developer includes magnetic 
tOne. 

8. The image forming apparatus as claimed in claim 6, 
wherein said electric field is formed by a potential dif 
ference between a developing bias applied to said devel 
oping roller and a collecting bias applied to said collect 
ing means, said potential difference being greater than 
said first predetermined value and less than said second 
predetermined value. 

9. The image forming apparatus as claimed in claim 6, 
wherein each of said first and second developers is a 
two-component developer consisting of toner and car 
rier, the toner of said first developer having the same 
polarity as that of said second developer. 

10. The image forming apparatus as claimed in claim 
6, further comprising a developer supply means, accom 
modated in said second developing means, for supply 
ing said second developer to said developing roller, 
wherein said collecting means is located downstream 
from said developer supply means and upstream from a 
developing region in a direction of transportation of 
said second developer, said developer being supplied on 
said second electrostatic latent image formed on said 
photosensitive member in said developing region. 

11. An image forming apparatus accommodating a 
photosensitive member rotatably mounted therein, said 
apparatus comprising: 

a first image forming means for forming a first elec 
trostatic latent image on the photosensitive mem 
ber; 

a first developing means accommodating a first de 
veloper for developing said first electrostatic latent 
image, said first developer moving toward a loca 
tion having a higher potential when a potential 
difference greater than a first predetermined value 
is generated; 

a second image forming means for forming a second 
electrostatic latent image on said photosensitive 
member; 

a second developing means located downstream from 
said first developing means in a direction of rota 
tion of said photosensitive member and accommo 
dating a second developer for developing said sec 
ond electrostatic latent image, said second devel 
oper being different in color from said first devel 
oper and having the same polarity as said first de 
veloper, said second developer moving toward a 
location having a higher potential when a potential 



5,283,615 
21 

difference greater than a minimum value required 
for movement of said first developer is generated; 

an electric field forming means for alternately apply 
ing a direct current bias and an alternating current 
bias to said second developing means, said direct 5 
current bias being applied to said second develop 
ing means where an image is formed on the photo 
sensitive member, thereby forming a first electric 
field at a location between said photosensitive 
member and said second developing means to 
move said second developer onto said second elec 
trostatic latent image, both said direct current bias 
and said alternating current bias being applied to 
said second developing means where no image is 
formed on the photosensitive member, thereby 
forming a second electric field at said location 
between said photosensitive member and said sec 
ond developing means so that said first developer 
mixed in said second developing means is collected 
on said photosensitive member. 

12. The image forming apparatus as claimed in claim 
11, wherein each of said first and second developers is 
two-component developer consisting of carrier and 
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toner. 
13. The image forming apparatus as claimed in claim 25 

12, wherein the toner in said first developer is non-mag 
netic toner whereas the toner in said second developer 
is magnetic toner. 

14. The image forming apparatus as claimed in claim 
11, wherein said first image forming means includes a 
first charging means and a first exposing means, while 
said second image forming means includes a second 
charging means and a second exposing means, either 
one of said first and second charging means electrostati 
cally charges the surface of said photosensitive member 35 

30 

when no image is formed. 
15. An image forming apparatus accommodating a 

photosensitive member rotatably mounted therein, said 
apparatus comprising: 

a first image forming means for forming a first elec 
trostatic latent image on the photosensitive mem 
ber; 

a first developing means accommodating a first de 
veloper for developing said first electrostatic latent 
image, said first developer moving toward a loca 
tion having a higher potential when a potential 
difference greater than a first predetermined value 
is generated; 

a second image forming means for forming a second 
electrostatic latent image on said photosensitive 
member; 

a second developing means located downstream from 
said first developing means in a direction of rota 
tion of said photosensitive member and having a 
developing roller, said second developing means 55 
accommodating a second developer for developing 
said second electrostatic latent image, said second 
developer being different in color from said first 
developer and having the same polarity as said first 
developer, said second developer moving toward a 60 
location having a higher potential when a potential 
difference greater than a minimum value required 
for movement of said first developer is generated, 
said second developer being transported to said 
second electrostatic latent image formed on said 
photosensitive member along a periphery of said 
developing roller so that said second electrostatic 
latent image is formed; 
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a collecting means, provided in said second develop 

ing means, for collecting said first developer mixed 
in said second developing device; and 

an electric field forming means for alternately apply 
ing a direct current bias and an alternating current 
bias to said developing roller of said second devel 
oping means, only said direct current bias being 
applied to said developing roller where an image is 
formed on the photosensitive member, thereby 
moving said second developer on said developing 
roller to said second electrostatic latent image 
formed on said photosensitive member, both said 
direct current bias and said alternating current bias 
being applied to said developing roller where no 
image is formed on the photosensitive member, 
thereby forming an electric field at a location be 
tween said developing roller and said collecting 
means so that said first developer mixed in said 
second developing means is collected by said col 
lecting means. 

16. The image forming apparatus as claimed in claim 
15, wherein each of said first and second developers is 
two-component developer consisting of carrier and 
toner. 

17. The image forming apparatus as claimed in claim 
16, wherein the toner in said first developer is non-mag 
netic toner whereas the toner in said second developer 
is magnetic toner. 

18. The image forming apparatus as claimed in claim 
15, wherein said first image forming means includes a 
first charging means and a first exposing means, while 
said second image forming means includes a second 
charging means and a second exposing means. 

19. The image forming apparatus as claimed in claim 
15, further comprising a developer supply means, ac 
commodated in said second developing means, for sup 
plying said second developer to said developing roller, 
wherein said collecting means is located downstream 
from said developer supply means and upstream from a 
developing region in a direction of transportation of 
said second developer, said developer being supplied on 
said second electrostatic latent image formed on said 
photosensitive member in said developing region. 

20. An image forming apparatus accommodating a 
photosensitive member rotatably mounted therein, said 
apparatus comprising: 

a first developing means accommodating a first de 
veloper for developing a first electrostatic latent 
image formed on said photosensitive member; 

a second developing means located downstream from 
said first developing means in a direction of rota 
tion of said photosensitive member and provided 
with a developing roller having a magnetic force, 
said second developing means accommodating a 
second developer for developing a second electro 
static latent image formed on said photosensitive 
member, said second developer being different in 
color from said first developer, and having the 
same polarity as the first developer and a magne 
tism greater than said first developer, said second 
developer being transported to said second electro 
static latent image formed on said photosensitive 
member along a periphery of said developing roller 
so that said second electrostatic latent image is 
formed; 

a collecting means for collecting said first developer 
mixed in said second developing means; and 
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an electric field forming means for alternately apply 
ing a direct current bias and an alternating current 
bias to said developing roller of second developing 
means, only said direct current bias being applied 
to said developing roller where an image is formed 
on the photosensitive member, thereby forming a 
first electric field at a location between said photo 
sensitive member and said developing roller to 
move said second developer onto said second elec 
trostatic latent image, both said direct current bias 
and said alternating current bias being applied to 
said developing roller where no image is formed on 
the photosensitive member, thereby forming a sec 
ond electric field at a location between said devel 
oping roller and said collecting means so that said 
first developer mixed in said second developing 
means is collected by said collecting means. 

21. The image forming apparatus as claimed in claim 
20, wherein said collecting means has a predetermined 
potential. 

22. The image forming apparatus as claimed in claim 
21, wherein said first developer is moved by a potential 
difference greater than a first predetermined value, 
while said second developer is moved by a potential 
difference greater than a second predetermined value, 
said second predetermined value being greater than said 
first predetermined value, said second electric field 
being formed by a potential difference greater than said 
first predetermined value and less than said second 
predetermined value. 

23. An image forming apparatus accommodating a 
photosensitive member rotatably mounted therein, said 
apparatus comprising: 

a first developing means accommodating a first de 
veloper for developing at a first developing region 
a first electrostatic latent image formed on said 
photosensitive member; 

a second developing means located downstream from 
said first developing means in a direction of rota 
tion of said photosensitive member and accommo 
dating a second developer for developing at a sec 
ond developing region a second electrostatic latent 
image, said second developer being different in 
color from said first developer; 

a collecting means provided in said second develop 
ing means at a position upstream from the second 
developing region with respect to the direction of 
the photosensitive member rotation, for collecting 
said first developer mixed in said second develop 
ing means; 

a selecting means for selecting either a first mode in 
which an image is formed by driving either said 
first or second developing means or a second mode 
in which an image is formed by driving both said 
first and second developing means; and 

a control means for prohibiting said collecting means 
from operating when said first mode is selected and 
for permitting said collecting means to operate 
when said second mode is selected. 

24. The image forming apparatus as claimed in claim 
23, wherein said first developer includes non-magnetic 
toner and said second developer includes magnetic 
tone. 

25. The image forming apparatus as claimed in claim 
24, wherein each of said first and second developers is a 
two-component developer consisting of toner and car 

er. 
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26. The image forming apparatus as claimed in claim 

24, wherein said first developer is moved by a first 
potential difference, while said second developer is 
moved by a second potential difference greater than 
said first potential difference due to a difference in mag 
netic force between said first and second developers. 

27. The image forming apparatus as claimed in claim 
26, wherein a collecting means is provided with a col 
lecting member confronting a developing roller pro 
vided in said second developing means, said developing 
roller transporting said second developer in a predeter 
mined direction and wherein said first developer mixed 
in said second developer transported along a periphery 
of said developing roller is moved toward and collected 
by said collecting member under the influence of an 
electric field formed between said, collecting member 
and developing roller. 

28. The image forming apparatus as claimed in claim 
27, wherein said collecting member comprises a rotat 
able collecting roller, a magnetic roller provided in said 
collecting roller and a collecting container, and wherein 
said first developer mixed in said second developer is 
collected by said collecting roller, transported in a pre 
determined direction and collected in said collecting 
container, said collecting roller further collecting car 
rier adhering to said photosensitive member after devel 
opment by said second developer. 

29. An image forming apparatus accommodating a 
photosensitive member rotatably mounted therein, said 
apparatus comprising: 

a plurality of developing devices each of which is 
provided along a periphery of said photosensitive 
member, for developing at a developing region an 
electrostatic latent image formed on said photosen 
sitive member, said developing devices accommo 
dating respective developers having different col 
OrS; 

a collecting means provided in said developing de 
vices at a position upstream from the developing 
regions with respect to a direction of rotation of 
said photosensitive member rotation except a de 
veloping device located upstream from any other 
developing devices in the direction of rotation of 
said photosensitive member, for collecting devel 
opers mixed from other developing devices; 

a selecting means for selecting either a first mode in 
which an image is formed by driving only one of 
said developing devices or a second mode in which 
an image is formed by driving at least two develop 
ing devices from a plurality of said developing 
devices; and 

a control means for prohibiting said collecting means 
from operating when said first mode is selected and 
for permitting said collecting means to operate 
when said second mode is selected. 

30. In an image forming apparatus provided with a 
first developing device confronting a rotatable photo 
sensitive member and second developing device con 
fronting said photosensitive member and located down 
stream from said first developing device in a direction 
of rotation of said photosensitive member, 
a method for forming an image comprising the steps 

of: 
developing an electrostatic latent image formed on 

said photosensitive member by using a first devel 
oper accommodated in said first developing de 
Vice; 
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Supplying a second developer on a surface of a devel 
oping roller at a developer supply region in said 
second developing device, said second developer 
having a color different from said first developer 
and a magnetism greater than said first developer; 

applying a direct current bias to said developing rol 
ler where an image is formed on the photosensitive 
member, thereby bringing said second developer 
held on said developing roller in contact with said 
electrostatic latent image at a developing region to 
develop said electrostatic latent image; and 

applying a direct current bias and an alternating cur 
rent bias to said developing roller where no image 
is formed on the photosensitive member, thereby 
collecting the first developer mixed in said second 
developing device by making use of a difference in 
magnetic force between said first and second de 
velopers. 

31. The method as claimed in claim 30, further com 
prising the step of: 

collecting said first developer mixed in said second 
developing device onto a surface of said photosen 
sitive member. 

32. The method as claimed in claim 30, further com 
prising the step of: 

collecting said first developer mixed in said second 
developing device by a collecting means provided 
in said second developing device, with a direct 
current bias being applied to said collecting means. 

33. In an image forming apparatus provided with a 
first developing device confronting a rotatable photo 
sensitive member and a second developing device con 
fronting said photosensitive member and located down 
stream from said first developing device in a direction 
of rotation of said photosensitive member, said first 
developing device accommodating a first developer for 
developing at a first developing region a first electro 
static latent image formed on said photosensitive mem 
ber, said second developing device accommodating a 
second developer for developing at a second develop 
ing region a second electrostatic latent image formed on 
said photosensitive member, said second developer hav 
ing a color different from said first developer; 
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a method for forming an image comprising the steps 

of: 
selecting either a first mode in which an image is 
formed by driving either said first or second devel 
oping means or a second mode in which an image 
is formed by driving both said first and second 
developing means; 

collecting said first developer mixed in said second 
developing device by a collecting means provided 
in said second developing means at a position up 
stream of the second developing region with re 
spect to a direction of the photosensitive member 
rotation; 

prohibiting said collecting means from operating 
when said first mode is selected; and 

permitting said collecting means to operate when said 
second mode is selected. 

34. An image forming apparatus accommodating a 
photosensitive member rotatably mounted therein, said 
apparatus comprising: 

a first developing means accommodating a first de 
veloper for developing a first electrostatic latent 
image formed on the photosensitive member; 

a second developing means accommodating a second 
developer for developing a second electrostatic 
latent image formed on the photosensitive member, 
said second developer having a color different 
from the first developer and a bias voltage for the 
second developer being higher than that for the 
first developer; 

wherein said photosensitive member acts as a collect 
ing means for collecting the first developer mixed 
in the second developing means when no image is 
formed on the photosensitive member; and 

applying means for applying to the second develop 
ing means a direct current bias to which an alter 
nating current bias is superposed so that a predeter 
mined electric field is formed between the second 
developing means and the collecting means, 
whereby only the first developer mixed in the sec 
ond developing means is collected by the collect 
ing means. 
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